Abstract: The purpose of this paper is a comparison between rapeseed oil and soybean oil, regarding their rheological and tribological properties. Tests were performed on a Brookfield viscometer with cone-plate geometry, having the following test parameters: test type -shear rate imposed, shear rate (100...2000 s -1 ), temperature values between 20 °C and 75 °C. In parallel, there were proceed tribological tests on a four ball machine, for three speeds (1200, 1500 and 1800 rpm). The results of the tests highlight the better rheologial and tribological behavior of the rapeseed oil, thus it could be recommended in tribological applications.
INTRODUCTION
Vegetable oils could be substitutes for petroleum-based oils; they have excellent lubricating properties such as high viscosity index, high lubricity and low volatility but also eco-friendly, renewable and less toxic [1, 2] . And, even accepting their weaknesses (oxidation stability, low values for viscosity at high temperature, narrower temperature ranges for applications) [3] , vegetable oil-based lubricants are being actively demanded for many green industrial activities [4, 5] . In 2006 a study of OECD (OECD 2001 (OECD -2006 ) defined vegetable oil "as rapeseed oil (canola), soybean oil, sunflower seed oil and palm oil, except in Japan where it excludes sunflower seed oil" [6] .
A study on European agriculture revealed that "in 2007, 18.1 million tones of rapeseed were produced in the EU, a 13% increase on the 2006 figure. The increase in rapeseed production is clearly due to the high demand in recent years for renewable energy sources such as biodiesel." but recently, this crop is used also for producing eco-friendly industrial lubricants [7] . Also, vegetable oils have become a source of eco-friendly and non-toxic additives for lubricants [8] .
The environmentally friendly base-stocks (vegetable oils) used in this work were soybean oil and rapeseed oil, delivered by Prutul SA Galati, Romania. All of them were commercial grade oils without any further purification. The composition of soybean oil and rapeseed oil concerning the fatty acids is presented in Table 1 .
RHEOLOGICAL TESTS
The tests were performed on a Brookfield viscometer with cone-plate geometry, having the following characteristic parameters: rotation speed between 5 rpm and 1000 rpm; temperature values between 5 °C and 75 °C; This type of viscometer was designed with rotating cone and stationary plate. It allows the analysis of small samples of lubricants, ranging from 0.2 to 0.5 ml. The angle between the cone and the plate is very small, usually being between 0.1 o and 3 o . Because the amount of sample being analyzed is very low, the method is very sensitive to temperature changes and to drying the sample. Table 1 . Fatty acids identified in rapeseed and soybean oils [9] .
In order to determine the rheological model for both oils, it was used an specific test with the variation of the shear rate between 100... C. During the experiment, the shear rate is increased continuously and the corresponding shear stress is measured. Then, the experiment is repeated in decreasing direction of shear rates. By this way, between the two curves appears the thixotropy loop that offers complex information about the behavior of the vegetable lubricant.
The rheological parameters of the rapeseed oil and soybean oil are determined using the viscometer software CAPCALC 32, according to power law model: The results for lubricant rheological parameters for both oils are centralized in Table 2 . Table 2 . The lubricant rheological parameters for rapeseed oil and soybean oil.
Regarding the rheological parameters, few conclusions are imposed:
• The rheological model that characterize the two lubricants, rapeseed oil and soybean oil, is the power law model, but with a low correlation coefficient. This is due to the pronounced thixotropy phenomenon for both types of lubricants.
• It requires the use of additives to reduce the phenomenon of thixotropy and to increase the stability of lubricant.
In order to obtain the variation law of the apparent viscosity with temperature for rapeseed oil and soybean oil, there were performed tests at four imposed velocity gradients (500, 1000, 1500 and 2000 s The values of the parameters characteristic for the Reynolds model (see Eq. 2) were obtained with MathCAD software, using the method of regression analysis.
For both types of oils, the diagrams representing the relation between apparent viscosity and temperature are presented in Figures 3 and 4 and the characteristic parameters for the Reynolds model (eq. 2) are shown in Table 3 . Concerning the thermal behavior of the two oils, rapeseed and soybean, it can observed a strong decrease in apparent viscosity with increasing of shear rate for both lubricants. This shows a strong pseudoplastic behavior of oils. Another important observation, valid for both oils, is that the Reynolds model for the variation of apparent viscosity with temperature approximates with same accuracy the experimental values, leading to correlation coefficients higher than 90%. 
TRIBOLOGICAL TESTS
The tribological experiments were performed on a four ball machine, designed and produced by Schaeffer, with a software for monitoring the rotational speed and time. The experimental stand was upgraded by University "Dunarea de Jos" Galati with a software for monitoring the friction coefficient. This new facility corresponds to the demands of the standard SR The material of balls (produced by SKF) is chromium alloy steel, with the diameter of 12.7±0.0005 mm and the hardness 64-66 HRC. In order to perform the test, it is necessary a volume of 8±1 ml oil for each sample.
Results are given in Figure 5 and it can observe that the friction coefficient depends on oil quality, rotational speed and normal load. For the soybean oil the lowest values are obtained for a load of 200 N, greater values being for 100 and 300 N. This evolution suggests that the soybean oil could generate a total or partial EHD regime only for a narrow range of load, around 200 N.
As for the rapeseed oil, at lower speed (1200 rpm), the friction coefficient decreases if the load increased from 100 to 300 N. But for the other two tested speeds (1500 and 1800 rpm), the rapeseed oil exhibits another tendency: the friction coefficient increases with load meaning that the mixt or boundary regime characterizes these regimes.
The wear scar diameters (WSD) (Figure 6 ) are less differentiated for the speed of 1200 rpm for all loads, for 1500 rpm only for loads of 100 and 200 N and for the highest tested speed of 1800 rpm, close values are obtained only for 100 N. Under the regime characterized by high speed and load (F, v) the soybean oil generated the greatest WSD. Analyzing both tribological parameters, friction coefficient and WSDs, the rapeseed oil had better tribological characteristics on the studied parameter ranges of speed and load. This oil had lower WSDs. SEM images of one set of balls for each tested oil are given in Figure 7 for rapeseed oil and Figure 8 for soybean oil.
The values for friction coefficient were lower but only for a narrow range of load (around 200 N). The soybean oil exhibited increased values of the friction coefficient for highest speed of 1800 rpm and a faster change of the friction coefficient tendency when changing the speed from 1200, 1500...1800 rpm ( Figure 6 ). 
CONCLUSIONS
1. Taking into account the obtained rheograms, both rapeseed oil and soybean oil have proven to be non-Newtonian fluids with a pronounced degree of thixotropy. 2. For all testing temperatures, rapeseed oil is characterized by an apparent viscosity higher than that of soybean oil. 3. Increasing the shear rate in the lubricant film results in a decrease in the apparent viscosity of the tested vegetable oils throughout the investigated temperature range. 4. Vegetable oils containing a high percentage of oleic acid lead to low friction coefficients and wear levels. The explanation of the phenomenon is that the oleic acid forms a dense layer at the interface with the metallic material, with a protective role and reducing the contact with the asperities [10] .
